Abstract-In this paper, we propose an algorithm based on fuzzy control to ensure the stability of the quadrotor. After giving the nonlinear model of the robot, its representation by a Takagi-Sugeno (T-S) fuzzy model is first discussed. Next, a fuzzy controller are synthesized which guarantee desired control performances. The given controller is designed using numerical tools (Linear Matrix Inequalities-LMI). The simulation results show effectiveness and robustness of the proposed method.
I. INTRODUCTION
any research groups are interesting in Unmanned Aerial Vehicles (UAVs). In fact, they provides tremendous advantages and is eligible for applications like rescue and research, remote inspection, surveillance, military applications, therefore saving human pilots from dangerous flight conditions. Current UAV designs are built from scratch and use customized airframes and electronics, which dramatically increase cost. Another aspect of current designs that limits UAV adoption, especially in the field of academic research, is the lack of access. When using UAVs for research it is advantageous to have low-level access to both autopilot source code and hardware schematics. There is a large variety of shape for UAV, planes, helicopters… Many works in the literature deal with development and the implementation of nonlinear controllers for quadrotors. Linear control systems such as proportional derivative controllers or linear quadratic regulators are widely used to enhance the stability properties of equilibrium [1] .
In this paper, we present an algorithm based on fuzzy control to improve the stability of the robot. After giving his nonlinear model, its representation by the T-S fuzzy model is discussed. Next, the fuzzy controller is developed [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . The closed loop stability conditions of a quadrotor are given in terms of Linear Matrix Inequality (LMI) problem which can be solved very efficiently using the convex optimization techniques. The numerical simulation of the vehicle handling with and without the developed controller has been A. Rabhi, M. Chadli and C. Pegard are with "Laboratoire Modélisation, Information et Systèmes", UPJV-MIS (EA 4290), 7, Rue Moulin Neuf, 80000 Amiens, France, e-mail: abdelhamid.rabhi@u-picardie.fr carried out to demonstrate the effectiveness of the proposed algorithm in terms of improving the robot stability.
II. DYNAMIC MODELING
A quadrotor helicopter consists of four rotors that are mounted at the end of two perpendicular axes as depicted in In the literature, many studies deal with dynamic modeling and control for quadrotor [5] [6] . There are complex and nonlinear systems. The complete models are difficult to use in control applications. The most part of applications deal with simplified and partial models [7] .
In our case, we are interesting to stabilize a robot in air. That is used generally in the phase landing and of take-off of robot. For that we use the model described as follows: 
For more detailed of this model, readers can see [8] . 
The model can be written in the form: 
In this work, the Takagi-Sugeno (TS) approach is used [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] .
A. TS Fuzzy model The angular speed are assumed varying in the operating range:
Consequently we can consider the following IF-THEN rules:
Nonlinear model (1) can be then represented by eight local LTI models. The overall T-S fuzzy model for the quadrotors can be written as follows: 
The closed-loop TS fuzzy model (4) becomes
The objective is to design a fuzzy feedback controller for robust stabilization of system (2) in the form (5) where K i is the controller gains to be determined.
In this work, stabilization conditions using state feedback controller of the T-S model (6) are given. Our study is based on fuzzy control given by the following result [15] [16]. 
C. High Order Sliding Mode Observer (HOSM)
Since the activation functions h i (.) depend on immeasurable parameters, a technique based on robust differentiator to estimate the angular speed of robot is used. This observer is used in cascade to obtain the fuzzy model.
The Robust Differentiation Estimator is useful for retrieval of the velocities and accelerations. It's proved that it's converge in finite time [9] . This approach allows to avoid the observability problems dealing with inappropriate use of modeling equations.
Consider a smooth dynamics function, s(x) ȯ R. The system containing this variable may be closed by some possibly dynamical discontinuous feedback where the control task may be to keep the output s(x(t)) = 0. The sliding variable, the r th order sliding mode is determined by: ( 1) .
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, forms an r-dimensional condition on the state of dynamic system [10] [11].
The HOSM observer estimates the successive derivatives and gives better robust performance than traditional first order sliding mode. HOSM dynamics converge toward the origin of surface coordinates in finite time always that the order of the sliding controller is equal or bigger than the sum of a relative degree of the plant and the actuator. 
